The anion rubber modified asphalt (ARMA) mixture was first successfully developed with a unique process. In the development process, rubber and asphalt were mixed in the same proportion. Furthermore, the microstructure and modification mechanism of the material were characterized by SEM, FT-IR, TG, and XRD tests. The mechanical property of the mixture was also tested in accordance with the relevant standards. In the end, the material's capacity of releasing anion was measured by DLY-6A232 atmospheric ion gauge. The results indicated that the addition of anion additive into the rubber modified asphalt (RMA) was a mere physical mixture, and the anion additives and rubber particles uniformly dispersed in the ARMA. The addition of anion additive could improve the thermal stability of the RMA. Compared with the traditional asphalt pavement material, the ARMA material shows excellent mechanical properties as well as the ability of releasing anion. Moreover, the material has enormous economic and social benefits by taking full advantage of a large amount of waste tires, thus improving the road surrounding environment.
Introduction
With the rapid development of the Chinese auto industry and the continuous improvement of people's living quality, car ownership is increasing, which results in the problem of dealing with many waste tires. According to the statistics, the number of the waste tires is 2.8451 million tons in 2012, and it will reach 3.2007 million tons in 2013 . Such a large number of waste tires bring about heavy social and environmental burden. The recycling of waste tires is, hence, extremely urgent. At present, the major methods in dealing, with the waste tires include stacking (or tamping), burning and recycling. The application of crumb rubber in road construction, which is also regarded as a better choice for handling a large amount of waste tires, has become a research and application emphasis globally [1, 2] .
Anion concentration is listed as an important parameter to measure the air quality, and appropriate anion concentration is beneficial to human health and environmental improvement [3] [4] [5] [6] . ARMA (anion rubber modified asphalt) possesses the double advantage of excellent performance and green environmental protection.
Experiment

Preparation of the ARMA
2.1.1. Main Materials. 90# matrix asphalt was obtained from Asphalt Company (Shengli oilfield, Dongying, Shandong). 20-100 m recycled rubber powder was purchased from Fangdahuanyu Co, Ltd. (Dongguan). The anion additive with a diameter of 15-400 nm was bought from Yanda Qicai Technology Limited Company, and the additive was selfprepared.
Preparation of ARMA.
A certain amount of matrix asphalt was firstly melted and dehydrated, and then the rubber powder and additive were added in accordance with the formula. The rubber and asphalt were combined in an appropriate ratio (a high proportion modified adulteration technique was utilized so that the proportion of rubber to asphalt could reach up to 1 : 1) and churned until they were well mixed, and then the mixture was heated up to 180 ∘ C. Further, by using a high shear scattered emulsifying machine, the mixture was then homogenized for 30 min at a temperature of ∘ C and a speed of 4000-6000 r/min. And then the required amount of anion additive was added, followed by blending for another 30 min. The mixture was then cooled to 160 ± 10 ∘ C and placed for 30 min; the anion rubber modified asphalt was thus obtained. The particle size of anion additive is micron/nanolevel, and the immiscible system is uniform and stable, thereby being applied to production [7] . 
Tests
Study of Microstructure and Modification Mechanism.
The morphology of the sample with 3% anion additive was investigated by S-4800-based SEM. The respective infrared spectroscopy analysis of anion additive, RMA (rubber modified asphalt), and ARMA (the content of anion additive was 3%) was carried out by employing the E55 + FRA106-based Journal of Nanomaterials Fourier transform infrared/Raman spectroscopy. The thermal gravimetric analysis of RMA and ARMA (the content of anion additive was 3%) was, respectively, conducted by the NETZSCH-type differential thermal-thermal gravimetric analyzer. The heating rate was 10 ∘ C/min, scanning temperatures from 0 ∘ C to 900 ∘ C. The X-ray diffraction analysis on RMA and ARMA samples was, respectively, carried out by the Japanese D-max-2500 X-ray diffraction with the condition of measuring range being 10 ∘ -60 ∘ and the scan speed being -2004 ), the regular performance of the sample was tested, the proportion of the asphalt mixture was designed, and the road capability was evaluated [8] [9] [10] . The equipments required in the current experiment are listed in Table 1 .
Anion Release Performance Test.
The amount of the released anion on a natural ARMA pavement (with the anion additive content of 3%), paved by the ARMA mixture, was tested by the DLY-6A232 Air Ion Detector (Lianteng Electronic Co. Ltd., Jinling Branch Road no. 1, Jinfeng Development Zone, Zhangzhou, Fujian, China). The test result was compared with both the lab test results and the test results on other pavements, to get the evaluative conclusion [11] [12] [13] .
Results and Discussion
The Regular Performance Test on ARMA.
The result of the conventional performance on ARMA was shown in Table 2 .
In accordance with the industry standard Asphalt Rubber for Highway Engineering, the evaluation on the test result of the technical index about the regular performance of the ARMA was carried out since there are no national standards for the evaluation of the RMA [14] . With reference to the relevant regulations in the standards, the test results on the ARMA all met the standards; that is, the sample was well qualified.
Study on the Microstructure and Modification Mechanism.
According to Figures 1 and 2 , the average particle size of the anion additive is 0.356 m, and the particle size of 97% particles is below 0.878 m, which means that the additive is a micro-nanoscale material and could be used as the nuclei in the A-PCM1030, thereby improving the crystallinity of the material.
It can be seen from Figure 3 (a) that the anion additive and rubber articles are distributed uniformly in the asphalt matrix and no apparent agglomeration happened. And Figure 3(b) shows that the anion additive, rubber particles, and asphalt exhibited excellent adhesion. To be specific, the rubber has partially swelled, and excellent adhesion appeared in different phase inferences.
The FTIR spectra of the anion additive, RMA, and ARMA were presented in Figure 4 . As is shown in this figure, at 3425 cm −1 , the characteristic peak is the stretching vibration absorption band for O-H, whereas at 1630 cm −1 , the characteristic peak is the variable angle absorption peak for H-OH. The characteristic peak of the ARMA in these two places is obviously enhanced than that of the RMA, which demonstrated the stable existence of the anion additive in the ARMA; and no novel characteristic peaks occur within this region [15] .
The above analysis demonstrated that the addition of anion additive into rubber modified asphalt belongs to a physical mixture process. No new functional groups are generated, and there are only Van der Waals forces between the components. Moreover, the particle diameter of the anion additive is nanoscale, and the immiscible system is uniform and stable, which is suitable for practical application. Figure 5 shows the TGA curves of RMA and ARMA, and in accordance with this figure, the curves of the two samples are basically the same except the slight difference in such aspects as the initial temperature of mass loss and residual of the quality.
According to Figure 5 , the initial temperature of mass loss, mass loss (290-580 ∘ C), and residues (580 ∘ C) of the two samples were calculated, and the result was listed in Table 3 .
The initial temperature of the mass loss of ARMA is close to that of the RMA. The mass loss in the main decomposition temperature range of the ARMA is slightly lower than that of the RMA. It indicated that the addition of the anion additive has little effect on the thermal stability of the RMA, except slightly improving the heat resistance of the RMA.
On the one hand, anion additive could increase the residues of the material due to its excellent stability at high temperature; on the other hand, strong intermolecular interactions were formed between macromolecules and micro-/nanoscale particles of anion additives, which increased the activation energy of the polymer in the decomposition process, thus increasing the thermal performance of the material. Figure 6 describes the XRD patterns of ARMA, anion additive, and RMA. To be more specific, in the XRD pattern of the RMA, the characteristic diffraction peak of the pure RMA emerged at 2 = 23 ∘ and 2 = 27 ∘ , which is related to the semicrystalline generated in the RMA, while according to the XRD pattern of the anion additive, the characteristic diffraction peak of the anion additive occurred at 2 = 21 and 2 = 26 ∘ , which demonstrated that anion additive has excellent crystallinity. It can be seen that at 2 = 24 ∘ , the characteristic diffraction peak of the ARMA (the content of the anion additive is 3%) is significantly stronger than that of the RMA. Furthermore, the XRD pattern of the ARMA showed that a new wider diffraction peak appeared at 2 = 44
∘ . This is due to the nuclei role that the micro-nanoscale particles of anion additives played, which improved the degree of crystallinity of the RMA and at the same time decreased the crystal size to converge [16, 17] . Table 4 and Figures 7, 8 , and 9.
It can be seen that the air anion concentration of the anion asphalt pavement is about 1000 anions/cm 3 , and the maximum value could reach −1430 anions/cm 3 . Whereas that of the common asphalt pavement is lower than 100 anions/cm 3 .
Conclusions
This paper presents a new technology to incorporate a high percentage of modified recycled material (1 : 1). Specifically, the production of 10 tons modified asphalt could make full use of 5 tons waste tire rubber powder, which has important environmental protection significance in eliminating the black pollution of waste tires. Only intermolecular forces exist between rubber and asphalt as well as between anion additive and RMA; no novel chemical changes happened, and no new substances or groups have been generated. The anion additives dispersed uniformly in the ARMA and no agglomeration occurred; the rubber particles uniformly dispersed in the ARMA and the swelling happened. The addition of the anion additive improved the thermal stability of the RMA as well as the degree of crystallinity of the RMA and meanwhile decreased the crystal size to be converging.
The ARMA possessed such features as large high temperature stiffness modulus, high softening point, and strongly creep resistance. The addition of the anion additive could benefit the pavement with the anion release property, which can effectively improve the surrounding environment of the road [18] [19] [20] .
